The transmission and serial propagation of Creutzfeldt-Jakob disease from man to guinea pigs are reported. The latency, symptomatology, and morphology of the infection during the first four passages are presented. The incubation period between the first and subsequent passages was halved. One hundred percent take, morbidity, and mortality were achieved in all inoculated animals. All guinea pigs developed a subacute spongiform virus encephalopathy with marked neuronal destruction in the cerebral cortex and subcortical grey structures. The neuronal loss resulted in cerebral atrophy and hydrocephalus ex vacuo.
The group of "subacute spongiform virus encephalopathies" (1) includes four naturally occurring diseases, kuru and Creutzfeldt-Jakob disease of man, scrapie of the sheep, and transmissible mink encephalopathy. Scrapie was the first and the most extensively studied of these encephalopathies and the transmission of scrapie from sheep to mice (2) provided a convenient experimental model for the investigation of this disease. Kuru, an exotic subacute neurological disorder occurring in New Guinea, was transmitted from man to three chimpanzees (3) . Subsequently, Creutzfeldt-Jakob disease, a progressive neurological disorder classified as a "degenerative" disease was also successfully transmitted to the chimpanzee (4). Although both kuru and Creutzfeldt-Jakob disease have been transmitted additionally to Old World and New World monkeys, and Creutzfeldt-Jakob disease to domestic cats (5) , transmission of these two human diseases to small laboratory animals such as mice, rats, hamsters, and guinea pigs has failed (5) even though immunosuppressive drugs, x-irradiation, splenectomy, and thymectomy were additionally used (6) . In a recent abstract the passage of Creutzfeldt-Jakob disease from a human biopsy to a group of mice has been reported (7) .
The present study deals with the transmission of Creutzfeldt-Jakob disease from a human biopsy to guinea pigs during the first four serial passages.
MATERIALS AND METHODS
The biopsy was taken 10 days prior to death from the right occipital cortex of a 54-year-old female who had developed progressive neurological signs and symptoms interpreted clinically as characteristic for Creutzfeldt-Jakob disease 4 months before death. Histological examination of the biopsy material revealed in the cortex marked neuronal loss, conspicuous astrocytosis and status spongiosus affecting the neuropil and the cytoplasm of the remaining neurons (Fig. 1) Three guinea pigs (Hartley strain) 2-3 months old were inoculated with 0.1 ml intracerebrally and 0.2 ml intraperitoneally of 1:8 suspension of the fresh human brain biopsy in normal saline. For the intracerebral inoculation the same technique was employed as that used for many years in this laboratory for the heterologous transplantation of human tumors (8) . A sick guinea pig from the first passage was used for the inoculation of healthy guinea pigs (second passage) injected with 0.1 ml intracerebrally and 0.2 ml intraperitoneally of a 10-1 brain suspension in normal saline. When these animals developed the disease three groups of guinea pigs (third passage) were similarly inoculated from three different sick guinea pigs (Table 1) . Similarly, the disease was subsequently transferred from one of these guinea pigs to the fourth passage. At the present time, the fifth passage of the serial transmission of Creutzfeldt-Jakob disease to guinea pigs is in progress.
With the exception of the first passage, all animals used for electron microscopic studies were perfused with Karnovsky's paraformaldehyde-glutaraldehyde fixative while alive and representative sections were then exposed to osmium and embedded in Epon. Guinea pigs to be studied by light microscopy were perfused with 10% neutral formalin in order to avoid artefactual distortion of tissue. Half of the brain of the animals used to transfer the disease to another group of healthy guinea pigs was always taken for histological confirmation, and fixed en bloc in formalin.
RESULTS
Of the three guinea pigs inoculated with human brain biopsy suspension, one died shortly after inoculation and was discarded. Over 1 year later, the other two developed a neurological disorder characterized by increasing agitation, running in circles, grinding of the teeth, weakness of the extremities, and ultimately prostration. The apparent onset of the disease in the first passage as well as in the subsequent three serial passages that also resulted in similar progressive neurological symptoms is given in Table 1 and graphically illustrated in Fig. 2 . It can be seen that the incubation period of Creutzfeldt-Jakob disease was markedly reduced between the first and second passage in guinea pigs; an average of 467 days for development of debilitating neurologic disease was obtained for the first passage and this was more than halved to an average of 216.5 days during the second passage. In the three groups of the third passage this incubation period for all practical purposes leveled off (Fig. 2) The pathological findings were restricted to the central nervous system and examination of the visceral organs with the light microscope failed to reveal any pathological changes. Grossly at autopsy the most conspicuous and consis- tent finding was a moderate to a marked hydrocephalus (Fig. 3) . Whenever the enlargement of the ventricular system was seen in the inoculated guinea pigs, positive microscopic and ultrastructural findings were expected and were subsequently found. The microscopic alterations consisted of status spongiosus in the cerebral cortex and in the subcortical grey structures. Neuronal loss was evident in the affected regions and the remaining nerve cells showed vacuole formation in their cytoplasm (Fig. 4) . Cajal's stain for astrocytes showed an increased number of hypertrophic astrocytes in both cortex and basal ganglia (Fig. 5) . Occasionally, in the subcortical structures there was a mild proliferation of elongated microglia cells. Infiltrates composed of lymphocytes and plasma cells were at no time seen and no demyelinating lesions were observed.
Ultrastructural studies showed vacuolization of neurons preferentially affecting the dendrites and the axons (Figs. 6  and 7) . The vacuoles were membrane-bound and were either empty or contained curled fragments of membranes and/or fine granular material. In some instances discontinuities and ruptures of the membranes were noted. In addition, focal swelling and clearing of the cytoplasm of the nerve (7) . Yet, transmission of this disease to primates after storage of the inoculum for several months at -700 is possible (9) . The marked reduction of the incubation period between the first and the second passage in the experimental disease in the guinea pig was not surprising (see Fig. 2 ). A similar event has previously been reported in human spongiform virus encephalopathies transmitted to primates (9) .
Anatomically, the most consistent and conspicuous gross finding was the moderate to marked dilatation of the ventricular system. In the inoculated animals this ex vacuo or compensatory hydrocephalus was pathognomonic, since positive histological findings were always subsequently found.
This dilatation is most likely the result of the neironal devastation observed in the cortex and the subcortical grey structures of stricken animals. Such gross findings apparently were less striking in others' experimental transmission of human spongiform virus encephalopathies. Thus, in experimental kuru in chimpanzees, in a total of 29 animals, five showed slight atrophy of the vermis of the cerebellum and three others revealed slight dilatation of the lateral ventricles (10) . In experimental Creutzfeldt-Jakob disease in the same host only slight cortical atrophy over the vertex but not ventricular dilatation was reported (11) . Qualitatively the histological and ultrastructural findings in the brain of the guinea pigs were similar to those seen in subacute spongiform virus encephalopathies which have been reviewed recently (12) . The variations on the theme and the distributions of the lesions within the neuraxis of the guinea pig will be reported in detail elsewhere.
